their properties were compared to those of other carbenes. Spin multiplicity of carbenes and the arrangements of spins are among determinant factors in carbene reactivity and activity 8 . The multiplicity plays a key role in energy ratio of pi and sigma orbital in base, singlet, and triplet states. In addition, properties of singlet and triplet Carbenes can be examined in terms of electrons and spatial characteristics. Theoretical studies by E. Vessally et al and M.Z. Kassaee et al show that changes in ring size and type of substituent play a key role in reactivity and activity of carbenes in base state [9] [10] [11] [12] . Research has indicated that type of s u b s t i t u e n t ( e l e c t r o n d o n o r o r a c c e p t o r ) i n f l u e n c e e n e r g y level and stability of Carbenes. This can be easily ver ified by examining perturbation orbital diagram. In fact, σ-electron-withdrawing substituents inductively stabilize the nonbonding orbital by increasing its S character. This increases σ-pπ gap, leading to formation of singlet state. In contrast, σ-electron-donating substituents induce a small σ-pπ gap which favors the triplet state 13 .
Mesomeric effects may influence stability of Carbenes as well. Depending on being electron donor (e.g. halogens) or electron acceptor (e.g. alkyls), substituents in Carbenes affect stability through mesomeric effects. Energy in unoccupied pπ orbital in Carbenes with electron-donating substituent increases chemical activity of symmetric compounds with lone electron pair. When σ orbital is not stabilized it has almost no charge, leading to increased σ-pπ gap 14 . The present study used quantum mechanics computations and density function theory (DFT) to determine whether variations in ring size for singlet and triplet states, in addition to type of substituent, influence Carbene structures. For this purpose, different parameters such as energy levels, chemical potential, chemical hardness, Electrophilicity, HOMO-LUMO gap were examined along with changes in bond angles and bond lengths. In some studies, Electrophilicity has been used to estimate aromaticity of structures. In order to calculate Electrophilicity, first we should determine Chemical hardness and Chemical potential, which both depend on HOMO-LUMO levels. In fact any change in Electronegativity may change µ, electronic chemical potential. These parameters were calculated using Equations (1) to (6) , where I denotes ionization potential and A is electron affinity [15] [16] [17] [18] [19] [20] .
Computational details
Density functional theory (DFT) calculations of divalent three, five and seven membered rings in Carbenes structures were conducted in which geometries, energies, Electrophilicity index, chemical hardness and chemical potential were obtained at the B3LYP/6-311++G(d,p) level 21 . However, for the Sn atom in different molecules, the calculations were carried out by using a LANL2DZ basis set and for Carbons and Hydrogens atoms in the same molecule, the 6-311++G (d, p) basis set was used 22, 23 . For all of structure, value of energy level are calculated self consistent field calculation used closed-shell (RB3LYP) for the singlet state and un restricted openshell (UB3LYP) for the triplet state. Calculations of the independent chemical shifts (NICS) for various divalent three, five and seven membered rings structures were carried out using the gauge invariant atomic orbital (GIAO) approach in which NICS values were calculated at the centre (NICS(0)) and also at 1Å above the ring (NICS (1)) using GIAO-B3LYP/6-31++G (d, p) method 24, 25 . All calculations were conducted using GAUSSIAN 03W program package and obtained parameters are calculated in gas phase condition, 298 K temperature and 1 atm pressure 26 .
RESULTS AND DISCUSSION
Prior to any discussion, it should be mentioned that we have carried out all required calculations and obtained parameters needed for discussion (Fig 1) . For this purpose, we examined 
Energetic properties
We first obtained thermal energy, enthalpy, and Gibbs free energy for each individual structure to calculate thermal energy gap, enthalpy gap, and Gibbs free energy gap for different cases. Results found for thermal energy, enthalpy, and Gibbs free energy indicate that as the element M or ring size changes, energy levels change as well. As we know, thermodynamic quantities cannot be measured in absolute value; rather the variations (Δ) in the quantities should be measured. An increase in ΔG s-t results in higher stability for singlet state (σ orbital) and reduces stability in triplet state (π orbital). Generally, stability can be determined based on ΔG s-t for singlet and triplet states. In other (Tables 1 and 2 ) Similar results were found for other energy levels, such as enthalpy and thermal energy.
Nucleus independent chemical shifts (NICS) indices
NICS indicates a type of chemical shift which is directly associated with aromaticity. The more negative is this value, the more aromatic a compound is expected to be. NICS was measured at ring center, one angstrom above the center, and two angstrom above the center, as reported in Table  3 (Fig 2 to 4) . (2) for triplet state follow the order Si> C> Ge> Si. However, NICS(2) for singlet state and NICS(0) for triplet state show different trends. In this case, changes in aromaticity can be ordered as Sn> Ge> Si> C. NICS(1) for triplet state represent the order Si> Sn> Ge> C. This shows that the highest level of aromaticity is achieved (the most negative NICS is observed) when M is substituted with Si (Table 3) .
NICS in five membered ring
A different trend was observed for five and six-membered rings. The orders observed for aromaticity in singlet state in NICS(0) and NICS (1) were C> Si> Sn> Ge and Si> C> Ge> Sn, respectively. The order found for NICS(2) was Sn> Si> Ge> C. However, NICS values found for triplet (2) is Sn>Ge>Si>C. This shows an increase in aromaticity as M is substituted with Sn (Table 3) .
NICS in seven membered ring
A different trend was found for 7-membered rings compared to 3-and 5-membered rings. In singlet state, the orders found in aromaticity for NICS(0) and NICS(1) were Sn> Si> Ge> C and Si> Sn> Ge> C, respectively. In singlet state, for NICS(2) we have Sn> Ge> Si> C indicating variation in aromaticity as M is replaced with other atoms. In triplet state, armoaticity for NICS(0) is in the order C> Si> Sn> Ge. The order found for both NICS (1) and NICS(2) was C> Sn> Si> Ge (Table 3) .
NICS compared in different state
Two major factors contribute to NICS values: atomic radius which is a measure of volumes In addition, the larger or heavier is M, the more negative will be NICS value (e.g. NICS(0) in 3-membered ring when M is substituted with Sn in singlet or triplet state) since a larger shift will be observed at the point where NICS is measured. Comparing NICS values for the three types of ring, the following order was found for negative values of NICS: 3-membered ring> 7-membered ring> 5-membered ring (Fig 5) .
Electrophilicity indices
Our findings suggest that ring size influences HOMO-LUMO-related parameters such as Chemical hardness, Chemical potential, Electrophilicity, and the largest amount of charge transferred by electrons. It should be mentioned that different results were found for singlet state compared to triplet state. Chemical hardness and chemical potential vary as electrophilicity changes. For singlet state in 3-membered ring, the increase in Electrophilicity can be ordered as Si> Ge> C> Sn. The order for the triplet state is C> Sn> Si> Ge. For singlet and triplet states in 5-membered ring we have C> Ge> Si> Sn and C> Si> Sn> Ge, respectively (Fig 6) . Electrophilicity follows a slightly different order for 7-memebred ring. For singlet state, we have C> Ge> Si> Sn while for triplet state, Si> C> Ge> Sn. An investigation of ascending order of Electrophilicity shows that Electrophilicity decreases as the ring grows in size. In other words, Electrophilicity is larger in 3-membered ring compared to 5-and 7-membered rings (Table 4) .
CONCLUSIONS
Quantum mechanics computations using DFT indicated changes in Electrophilicity, energetic levels, and HOMO-LUMO values as we shift from singlet state to triplet state. An increase in ΔG s-t improves stability in singlet state and decreases stability in triplet state. NICS values showed that aromaticity in 3-membered ring is higher compared to 5-and 7-membered rings. In addition, ring size influence thermodynamic parameters as well as those parameters associated with HOMO-LUMO levels. Our results also suggest nearly the same levels of aromaticity and the almost the same values of ΔG s-t for carbenes with different ring sizes. One may argue that increased aromaticity lowers the level of ΔG s-t , resulting in improved stability for singlet state.
